INTRODUCTION
A SPRITE (signal processing in the element)1 detector, shown in Fig. 1 , is a three-terminal photoconductive device. Each SPRITE has a ''bias' ' terminal at the left of the figure. The ''return" terminals are at the center of each detector, at the right-hand side of the figure. The ' 'output ' ' terminal for each detector is connected at the beginning of the tapered readout region. The advantage of SPRITE detectors is that a time-delay-and-integration2
(TDI) operation is performed as follows, without the need of an external delay line. A dc voltage is established across the bias and return terminals, which causes any photogenerated carriers to drift toward the return terminal. When the (diffusion-limited) charge packet associated with a particular image feature drifts past the output terminal, a voltage change is produced across the output-to-return terminals that is proportional to the number of photogenerated carriers in that packet. The infrared image falling on the SPRITE is mechanically scanned at a velocity equal to the drift velocity of the carriers. This increases the signal-to-noise ratio of the detected image by effectively increasing the dwell time of the detector on any particular image feature. The signal grows with the dwell time, whereas the noise, being uncorrelated, grows as the square root of the dwell time.
There has been considerable recent research on optimization of SPRITE parameters, including bias voltage,3 bar length,4
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Investigation of the frequency dependence of impedance is of interest because the SPRITE operates over a range of electrical 1 of approximately 100 Hz to 600 kHz, which are related to the image-plane spatial frequencies by the carrier drift velocity.
MEASUREMENT SETUP
The actual SPRITE detectors measured are those seen in Fig. 1 and had total lengths between 450 and 650 m, with exponentially tapered5'6 readout regions 50 m long. These SPRITEs were fabricated on n-type HgCdTe, optimized for use in the 3-to 5-pm band of wavelengths. The detectors were held at 190 K in a vacuum dewar.
Impedance measurements were made with a Hewlett-Packard 4192 impedance analyzer. This instrument provided a sinusoidal test voltage of adjustable amplitude, at a specified frequency, between any two terminals of the SPRITE. An ac current response was measured, from which the complex impedance was calculated. For each measurement, impedance data was available from the instrument as a parallel combination of resistance and capacitance values , or as magnitude and phase of complex impedance seen across that terminal pair. A dc bias of 2 V across bias to return was supplied by an external battery source, so that the SPRITE would be operating under dc bias conditions.
The test voltages used were intended to electrically simulate the signals that the SPRITE produces under normal illumination conditions , which are in the range of tens of microvolts . The actual test voltage amplitude for our measurements was 10 mV, Invited paper IR-016 received April 19, 1991; revised manuscript received July 9, 1991 ; accepted for publication July 10, 1991. 1991 Society of Photo-Optical Instrumentation Engineers.
which was the smallest amplitude that gave accurate impedance results using the HP4192. In some measurements, the SPRITE detectors were flood illuminated with radiation from a 500 K blackbody, to investigate the dependence of impedance on flux level. The received flux level was controlled with an aperture wheel. In all cases, the measured SPRITE impedance was corrected for the impedance of the power supplies (from the battery for dc and from the impedance analyzer instrument for ac) as well as for the capacitance of the external detector wires . This calibration was carried out using a dummy load resistor of known characteristics. Measurements on this load provided a base-line impedance that was subtracted from the measured data.
MEASUREMENT RESULTS
The first electrical parameter considered is resistance, which has a contribution proportional to the length of the semiconductor material across which the measurement is made, consistent with the usual expression for resistance, R=pL/A, (1) where p is the resistivity, L is the material length, and A is the cross-sectional area. We show results of bias-to-return resistance measurements in Fig. 2 for SPRITE lengths of 450, 500, 600, and 650 xm. At frequencies above 100 kHz, the results for the bars are 1690, 1850, 2040, and 2140 fI, respectively. A linear fit to the R versus L data yields a contact resistance value (for L = 0) of approximately 650 ft With that value subtracted, a resistance per unit length of these SPRITEs is obtained as 2.3 l/im for all bars. Below 100 kHz, we measured approximately a 3% increase in resistance in going to zero frequency, which might be caused by either contact effects or the SPRITE geometry.
When the SPRITE detectors were flood illuminated by a 500 K blackbody source, the resistance dropped as expected for a photoconductive device. The resistance decrease seen was 0.58% for a 0.6-pW input and 9.8% for a 15-W input. This effect was not frequency dependent, keeping the same curve shapes seen in Fig. 2 .
We then measured the capacitance of the SPRITEs as a function of frequency, with results shown in Fig. 3 for bias-to-output, in Fig. 4 for output-to-return, and in Fig. 5 for bias-to-return Fig. 3 . Bias-to-output capacitance versus frequency curves, parametrized on SPRITE length.
-4SOuM -550uM ----650uM Fig. 4 . Output-to-return capacitance versus frequency curves, parametrized on SPRITE length.
terminal pairs. All of these measurements were made with a bias-to-return voltage of 2 V. Comparing the two sets of curves that have material length as a parameter (Figs. 3 and 4) , the main feature noted is that although the material distance between terminals for the data in Fig. 3 is in the range of 400 to 600 jim and the material distance between terminals for the data in Fig. 4 is 50 jim, the capacitance values on both sets of curves are nearly the same. This indicates that the main contribution to capacitance of the SPRITE devices is a junction capacitance that is independent of the length of the structure. Indeed, a previously published non-quasi-static model12 of space-charge-region capacitance for metal-semiconductor junctions predicts a decreasing junction capacitance with increasing frequency. The dependence of capacitance on the SPRITE length shows up as smaller variations (in the range of a few percent to 2O%) in the curves of Figs. 3 and 4 . A theoretical basis for these variations is difficult to identify from the data (and may in fact be due to differences in contacts on the individual detectors), but the magnitude and main features of the curves should be useful information for initial optimizations of SPRITE electronics designs. Figure 5 shows the bias-to-return capacitance as a function of frequency (for a 650-jim SPRITE), with illumination levels of 0, 0.6, and 15 pW from the 500 K blackbody. For the 15-1iW flux level, the capacitance increases by approximately a factor of 2 for frequencies below 400 kHz. This behavior is probably attributable to the characteristics of the metalsemiconductor junctions under the bias conditions seen under illumination.
The convenient use of these types of measurements for SPRITE electronics optimization requires the incorporation of the measured data into an appropriate model. Taking a simple T-model network, as seen in Fig. 6 , to represent the SPRITE, we can solve for the model's impedance values Zi, Z2, and Z3 in terms of the measured two-terminal impedances Zbr, Zbo, and Zor.
pacitance at low frequencies. SPRITE capacitance also increases with illumination level. Capacitance appears to be mainly caused by the metal-semiconductor junctions, since the capacitance is seen to be almost independent of material length. A simple T network having three impedances can be developed from data measured across the bias-to-return, bias-to-output, and outputto-return terminals.
Even without a detailed investigation of the physics involved in the specific junction behavior observed, we hope that this measurement and modeling approach will be a useful starting place for optimization of SPRITE electronics for the bias source, the readout mechanism, and the preamplifier. ances from bias to output, bias to return, and output to return, respectively. where each of the terms will be frequency dependent because of the metal-semiconductor junctions. Such a T network, based on measured data for representative SPRITE detectors of a given material composition and geometry , wouldprovide a useful starting point for design optimizations of the bias source, readout configuration, and preamplifier. 
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